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Abstract 

Introduction: Bovine postpartum metritis causes great losses. Mast cell (MC)-released mediators participate in uterine 

inflammation and immune response, but their role in postpartum metritis in cows has not been reported. This study investigated 

the effect of endometrial MC on the disorder. Material and Methods: Ten dairy cows, at 6 to 10 days postpartum and with acute 

purulent metritis made up the experimental group, and 10 comparable healthy cows the control group. Endometrial histamine and 

IgE levels were determined by ELISA, and the MC particle state and expression of histamine H1 (H1R) and H2 (H2R) mRNA 

receptors were examined by transmission electron microscope and real-time quantitative PCR, respectively. Results: 

Endometrial histamine and IgE levels were significantly higher in the experimental group. In the control group, homogenously 

distributed size-varied granules were seen in MC cytoplasm of endometrium of lamina propria. In the experimental group 

however, these showed degranulation with features of reduction. The level of H1R mRNA was lower in the experimental group, 

but that of H2R mRNA was higher. Conclusion: The results suggest MC type I hypersensitivity characteristics during metritis, 

and histamine provocation of local inflammation. High expression of H2R and low expression of H1R inhibited the inflammatory 

response and prevented excessive uterine tissue damage.  
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Introduction 

Postpartum metritis is one of the most important 

reproductive disorders in cows, causing great economic 

losses. Metritis is caused by pathogens identified as 

facultative pathogenic bacteria (12, 22). Many of them 

commonly exist, however, in cows 10–14 days after 

delivery (23) and the immune status of a cow’s uterus 

determines the onset of metritis (22). It has been proved 

that the mast cells (MC) of the uterus regularly change 

following the reproductive cycle (10). MC regulate 

proliferation of endometrial blood vessels and secretion 

of proteins, and control physiological functions of the 

uterus (21). MC of the uterus release a large number of 

mediators, such as histamine and TNF-α. These 

mediators collect neutrophil granulocytes to regulate 

reproduction (18) and also participate in the 

inflammatory process and immune response. Deng et al. 

(7) suggested that the number of MC and content of 

histamine are in proportion to the level of local 

immunity, and so could be considered signs of the 

immune status of the uterus. Therefore, MC not only 

regulate physiological functions of the uterus, but also 

influence its immunity. 

When the IgE made by the sensibiligen cross- 

links the FcεR1 which binds on the MC membrane, 

intracellular granules are secreted by MC. This whole 

process is defined as MC degranulation. Histamine is 

well known as an important mediator of MC, and it is an 

autacoid with important regulatory effects on human 

immune and allergic responses, as well as cell 

proliferation, vaso-regulation, cellular chemotaxis, and 

secretory activity (24). Histamine is responsible for 

biological functions, such as the expression of histamine 

receptors (mainly H1R, H2R, H3R, and H4R) relying on 

target cells (8, 13). Among these receptors, H1R and H2R 

are expressed in endometrial cells and immune cells (6). 

Yamaki et al. (25) suggested that histamine increases the 

expression of cell adhesion molecules in endothelial 

cells, such as ICAM-1, VCAM-1, and P-lectin, through 

H1R. Furthermore, histamine can also stimulate 

immunocytes like MC, to produce inflammatory factors, 

which then activate inflammatory response. But  

H2R could inhibit local mucosal-specific immune 
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responses (1). Histamine up-regulates the expression of 

toll-like receptors (TLR) -2 and -4, enhances the 

sensitivity of endometrium to bacteria (16), and plays an 

important role in regulating mucosal immunity.  

MC are important regulators for inflammatory 

reaction and uterine physiological function, but their role 

in postpartum metritis in cows has not been reported. 

Therefore, MC in cow endometrium, endometrial 

histamine and IgE levels, and the relationship between 

the histamine and mRNA expression of H1R and H2R 

were analysed to investigate the effect of endometrial 

MC on postpartum metritis in cows. 

Material and Methods 

Animals. Healthy Holstein cows (n = 10), 3–6 

years of age and at 6 to 10 days postpartum, were 

selected as a control group. Ten Holstein cows, 3–6 

years old, at 6 to 10 days postpartum, and with acute 

suppurative postpartum metritis diagnosed by clinical 

symptoms and rectal examination, were selected as an 

experimental group.  

Sample collection. According to the method 

described by Chapwanya et al. (5), bovine endometrium 

samples were collected by biopsy. Endometrium tissue 

pieces were stored in 2.5% glutaraldehyde (pH 7.4), 

either at 4C or at -70C. The state of the uterus was 

observed after sample collection until the cow became 

pregnant and no abnormalities were observed. 

ELISA. The concentrations of histamine and IgE 

were measured using an ELISA kit (R&D Systems, 

USA) according to the manufacturer’s instructions, with 

the use of an ELX800 microplate reader (Bio-Tek, USA) 

at the wavelength of 450 nm. Standard reagents were 

used to construct a calibration curve. The sample OD 

value and the calibration curve were used to calculate the 

product concentration.  

Transmission electron microscope (TEM) 

examination. Endometrium samples were fixed with 

2.5% glutaraldehyde in 0.1 M sodium phosphate buffer 

(pH 7.2) for 2 h at 4C, and then 1 mm × 2 mm samples 

were prepared. The samples were kept in sucrose 

phosphate buffer for 10 min three times, post-fixed with 

1% osmic acid for 1 h at 4C, dehydrated by a graded 

ethanol series, washed with propylene oxide, and then 

embedded in Epon. Semi-thin sections (1 µm) stained 

with toluidine blue (pH 8.5) were observed under  

a microscope and regions with MC were selected. 

Ultrathin sections (0.05 µm) prepared with an LKB 

ultratome (LKB-Produkter, Sweden) were preheated 

with lead citrate or uranyl acetate and lead citrate 

(double staining) and then examined using a JEM  

100-CX electron microscope (Jeol, Japan).  

Real-time quantitative PCR (q-PCR). Primers 

were designed using Primer Premier 5.0 (Premier 

Biosoft, USA) based on the Bos taurus sequences. Table 

1 presents the primer sequences, expected product 

lengths, and accession numbers in GenBank. Total RNA 

was extracted from endometrium samples with TRIzol 

reagent (Invitrogen, USA), and 1 µg of total RNA was 

subjected to reverse transcription to form cDNA with 

transcriptase according to the manufacturer's instructions 

(Invitrogen, USA). The mRNA expression levels of 

H1R, H2R, and β-actin were quantified by real-time PCR 

with a LightCycler (Roche Life Sciences, USA) using  

a commercial kit (TaKaRa, Japan). The values were 

normalised using β-actin as an internal standard. 

Statistical analysis. The SPSS 13.0 statistics 

software package (IBM, USA) was used to process the 

experimental data, and one-way analysis of variance  

was applied. Data is presented as means ± SD. P < 0.05  

were considered significant, and P < 0.01 markedly 

significant. 

Results  

Histamine and IgE concentrations. The levels of 

endometrial histamine and IgE are shown in Table 2. 

The histamine and IgE concentrations were significantly 

higher in the experimental group than in the control 

group (P < 0.01 and P < 0.05 respectively).  

MC ultrastructure. In the experimental group 

(Fig. 1 A), MC granules were distributed unevenly, and 

the cavities were enlarged and appeared to be 

vacuolated. In the control group (Fig. 1 B), MC granules 

were of different sizes and were homogeneously 

distributed. Compared with the control group, MC 

degranulation increased significantly in the experimental 

group. 

Level of H1R and H2R mRNA expression. The 

expression level of H1R mRNA was significantly lower 

in the experimental group than in the control group  

(P < 0.05), but the level of H2R mRNA was higher in the 

experimental group than in the control group (P < 0.01) 

(Fig. 2). 

 

 
Table 1. The primer sequences and PCR product length of the target genes 

Gene/Accession number Primer sequence Fragment size (bp) 

H1R 

(BC140475) 

Forward 5'- GTGGGCACTAAGAAACC -3' 
191 bp 

Reverse 5'- TCAAGCGGGAAGCAGTAG -3' 

H2R  

(XM_599517.2) 

Forward 5'- GTCATTTCCATCACCCTG -3' 
193 bp 

Reverse 5'- TCCTGAAGATGCGGTAGTA -3' 

β-actin  

(NM_173979.3) 

Forward 5'- TCACCAACTGGGACGACA -3' 
206 bp 

Reverse 5'- GCATACAGGGACAGCACA -3' 
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Table 2. Histamine and IgE concentrations in the endometrium 

Parameters Control group Experimental group P value 

Histamine, ng/mL 39.204 ± 4.278 80.305 ± 4.002 P < 0.01 

Ig E, μg/mL 6.596 ± 0.202 11.398 ± 1.342 P < 0.05 

 

  

Fig. 1. Ultrastructure of MC endometrial lamina propria. A. – Experimental group; B. – Control group 
(arrows indicate MC nucleus) 

  

 

 

Fig. 2. Expression of H1R and H2R mRNA by real-time quantitative PCR 

* P < 0.05; ** P < 0.01 
 

 

Discussion 

Mast cells are mainly distributed in the endometrial 

lamina propria, serving as sentries monitoring bacterial 

invasion and initiating an immune response against 

pathogens. Once activated, MC can rapidly release MC 

mediators like histamine and cell factors (15), which 

play a regulatory role in immune response and 

inflammatory reaction. Degranulation is also a sign of 

activated MC (14). MC degranulation is primarily 

mediated by IgE, which can make MC sensitive via 

binding to FcεRΙ on the surface of MC. When the 

identical antigens enter the body and bind to the IgE on 

the surface of MC, MC are activated by crosslinking and 

their degranulation is promoted (19). 

Histamine is the major mediator of MC, which 

participates in most immune and inflammatory reactions 

(1). It commonly expresses its functions in many cells 

and tissues through HR. Histamine can activate nuclear 

transcription factor (NF-κB) and influence the 

expression of inflammatory genes. Besides, it can 

enhance the secretion of proinflammatory cytokines and 

chemotactic factors, such as IL-1α, IL-6, IL-8, and others 

(4), and induce inflammation reactions. Meanwhile 

inflammatory factors and LPS can also promote the 

synthesis of histamine (9). Histamine, heparin, tryptase, 

and cytokine from MC protect cells by stimulating 

proliferation of fibroblasts, accumulation of extracellular 

matrix, and fibrosis in some inflammatory reactions (11). 

Postpartum metritis is caused by conditional pathogens 

which commonly exist in the environment, and their 

antigens can sensitise an organism (2). When they 

invade the uterus en masse after delivery, they cause  

MC degranulation in the endometrium and promote  

a local inflammatory reaction. In this paper, MC 

degranulation was observed, and the expression of the 

histamine and IgE was significantly increased in the 

endometrium. 
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The activation of the histamine signalling pathway 

depends on H1R, H2R, H3R, and H4R. H1R and H2R are 

distributed in the uterine tissue (6). H1R can stimulate 

the immune system to enhance immune response and 

inflammatory reaction. Tissue damage mediated through 

histamine is set in process by H1R, thus H1R antagonists 

can inhibit the secretion of colony-stimulating factor 

(CSF), IL-6, and IL-8. They are also able to inhibit the 

Ca2+-dependent NF-κB signalling pathway which is 

mediated through histamine (17). The increased 

histamine can cause tissue damage in the inflammatory 

reaction, and H1R antagonists can suppress the effects of 

histamine (20). Histamine can inhibit the activation of 

inflammatory cells, degranulation, formation of 

superoxide, and chemotaxis through H2R, which 

regulates inflammation responses by negative feedback. 

It can also downregulate NF-κB and inhibit the 

inflammation reaction (3). In this research, endometrial 

H2R mRNA and H1R mRNA from cows suffering from 

metritis were expressed. The results showed that the 

level of H1R mRNA was lower in the experimental 

group than in the control group (P < 0.05), but the level 

of H2R mRNA was higher (P < 0.01). The results 

suggested that the expression of H1R and H2R mRNA 

was unbalanced. The lower expression of H1R and 

higher expression of H2R had a protective effect on the 

tissue damage caused by excessive inflammatory 

responses.  
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